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Abstract
The growth response of Zygosaccharomyces bailii acid adapted cells was assessed in acidified media.  Yeast 
cells were first pre-cultured in nutrient broth adjusted with hydrochloric, citric and malic acid to pH 4; 4.5; 5; 
5.5; 6 and 6.5. Moreover, they were also grown in two controls consisting of nutrient broth and nutrient broth 
supplemented with 1% of glucose both adjusted at pH 7. The variation of pH before and after the growth along with 
yeast concentration was measured. The cells pre-cultured in controls conditions and in the three conditions at pH 
5 were then each inoculated in six BHI medium consisting of BHI adjusted with hydrochloric, citric and malic acid 
at pH 5.5 and 3.5. The growth was monitored by spectrophotometry and the yeast concentration after incubation 
was obtained by microscopy using a Thoma cell chamber. DMFit 2.1 was used to plot the growth curves and to 
estimate the growth parameters. All the pre-cultures and cultures were made at 37°C during 24 hours. During 
the pre-cultures, an important decrease of pH was noted in nutrient broth supplemented with glucose, moving 
from 7 to 3.81. In all the other pre-cultures, just a little variation was observed ranging from -0.57 to 0.50. Growth 
was observed in all the conditions, except at pH4. By growing the cells coming from the selected pre-cultures 
conditions in the different acidic BHI media, it appears that acid adaptation enhance the growth at pH 5.5 no 
matter the acid contains in the medium and the acid to which the cells were adapted. However, this acid adaptation 
was not sufficient to initiate growth at pH 3.5 after 24 hours of incubation at 37°C. Growth rate was significantly 
affected by the pH of the pre-culture medium and the acid present in the culture medium. Pre-culture with glucose 
supplementation was the only parameter studied affecting the latency. 
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INTRODUCTION
Zygosaccharomyces spp. represent one of the 
most problematic foods and beverages spoilage 
yeasts. The genus Zygosaccharomyces includes 
some species which have developed the ability to 
grow under difficult environmental conditions. 
Among them, Zygosaccharomyces bailii has been 
reported as the most spoiling specie, especially 
in acidic food products (Martorell et al., 2006). 
This yeast remains highly problematic in sauces, 
acidified foods, pickled or brined vegetables, fruit 
concentrates and various non-carbonated fruit 
drinks. Z. bailii is also well recognized as one of the 
main spoilers in wines due to its high resistance to 
combinations of ethanol and organic acids at low 
pH (Kalathenos et al., 1995).  
Z. bailii is  considered  osmotolerant  because 
it  can  grow  in  solutions with high  concentrations 
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of  salt  or  sugar  and in  high  a
w
  conditions ( 
Lopez-malo and Palou, 2000) . It has an exceptional 
tolerance to relatively high temperatures and 
preservatives (Branduardi et al., 2004). It has 
been described as being able to proliferate in the 
presence of weak acids used as food preservatives 
such as acetic, benzoic, propionic, sorbic acids 
and sulphur dioxide in concentrations which are 
frequently above the permitted values by some 
food legislations (Nuno et al., 2014). Z. bailii is able 
to catabolise weak acids in the complex mixture 
with sugars present in some foods (Merico et 
al., 2003), to cause spoilage from extremely low 
inoculums and to grow at high growth rates under 
oxygen-restrictive conditions. Z. bailii can tolerate 
acidic environments and grow in a wide range 
of pH (2.0–7.0). It is also known for its ability to 
vigorously ferment hexose sugars  (James and 
Stratford, 2003). Foods with a particular risk of 
spoilage by this yeast usually have low pH, low 
a
w
 and contain sufficient amounts of fermentable 
sugars.
The presence of Z. bailii in foods or beverages 
can have many origins, suggesting that this yeast 
cells could have been previously acid adapted 
before the contamination. Weak acid adaptation of 
yeast has been assumed to be a means of growth 
facilitation at low pH in the presence of weak 
organic acids (Piper et al., 2001). Fruits juice 
naturally possess in their composition citric and/
or malic acid in different proportions according 
to the species. This study was therefore carry out 
in order to assess the impact of a previous acid 
adaptation of this yeast to selected weak acids on 
its growth in acidic media and growth limiting pH 
conditions like those encountered in fruit juices.
MATERIALS AND METHODS
Yeast strain and inoculum culture
Zygosaccharomyces bailii strain used in 
this work was kindly provided by the Food 
microbiology laboratory of the University of 
Bologna, Cesena, Italy and stored at -80°C. The 
strain was subcultured thrice in nutrient broth 
(CM001-OXOID) at 37°C before being used.
Adaptation of Zygosaccharomyces bailii to 
different acids
Different growth media consisting of nutrient 
broth adjusted at different pH level using 
hydrochloric, citric and malic acids were prepared. 
Each acid was used to prepare nutrient broth at 
pH 6.5, 6, 5.5, 5, 4.5 and 4. Two controls conditions 
consisting of nutrient broth and nutrient broth 
supplemented with 1% (W/V) of glucose both 
adjusted at pH 7 using hydrochloric acid were also 
made. The second control with glucose was made 
in order to assess if the acid produced during the 
yeast fermentation can also play a key role in the 
study phenomenon.  The concentrations of the 
acids used to adjust the pH were 10% (V/V); 10% 
(W/V) and 10% (W/V) of hydrochloric acid (35-
38% purity), citric acid (Food grade), malic acid 
(98% purity) respectively. When required a 1% 
(V/V) sodium hydroxide solution (33% purity) 
was also used. 
30 mL of each of the previous medium were 
put in 50 mL falcons tubes, which were then 
sterilized at autoclave and inoculated with Z.  bailii 
at an initial concentration of 6 Log cell/mL. They 
were then incubated at 37°C for 24 hours. All the 
tests were performed in triplicate.
After incubation, the pH in all the samples was 
measured at room temperature with a Consort 
C535 pH meter (Consort nv, Turnhout, Belgium). 
The cell concentration was also assessed by 
measuring the optical density of the samples at 
640 nm using a spectrophotometer (UV-1700 
SCHIMADZU). The concentration was estimated 
in Log cell/mL using calibration curves plotted 
before. These calibration curves were made based 
on the values obtained during the exponential 
growth phase of the strain in the growth medium. 
Growth kinetics of the previous cultured yeast 
in acidic media
Along with the two controls, three acid 
adaptation conditions having the same initial pH 
were selected, the difference among them being 
only the acid used to adjust the pH. The selected 
pH was chosen to be the pH in the previous 
experiment where yeast concentration after 
incubation began to be significantly lower than in 
the control (Nutrient broth pH7) irrespective of 
the growth media acid. 
Cells coming from each of the five selected 
pre-cultures conditions were then inoculated in 
six Brain Heart Infusion media (BHI-Fluka). These 
six conditions consisted of BHI adjusted with 
hydrochloric, citric and malic acid at pH 5.5 and 
3.5. This test was also performed in triplicate in 
falcons tubes containing 30 mL of medium and the 
incubation was done at 37°C for 24 hours. 
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The growth kinetic in each sample was then 
monitored by measuring the absorbance of 
the sample at different time intervals with the 
spectrophotometer. The concentration of Z. bailii 
in each condition after 24 hours of incubation 
was also assessed by directly counting the cells 
under an optical microscope using the Thoma cell 
counting chamber and methylene blue as yeast 
viability indicator.
Data fitting and statistical analysis
DMFIT 2.1 (freely available at www.combase.
cc) was used to fit the growth curves using the 
Barany and Roberts (1994) rescaled model from 
the OD experimental data obtained and to estimate 
the lag time and growth rate.  Post-hoc test and 
covariance analysis (ANCOVA) were performed 
using Statistica.10 software of Statsoft to study the 
significant differences between the mean values 
obtained and to perform hypothesis decomposition 
in order to assess the parameters affecting the 
growth kinetics responses respectively.
RESULTS AND DISCUSSION
Zygosaccharomyces bailii pre-cultures 
The table 1 presents the values of pH and cell 
concentrations obtained after pre-culture in the 
different media.
Except the conditions at pH 4, growth 
was observed in all the other conditions. The 
highest concentration was observed in nutrient 
broth supplemented with glucose where the 
concentration moved from 6 to 8.05 Log cell/
mL.  However, this increase was not statistically 
different to those observed in nutrient broth 
adjusted with hydrochloric acid at pH 7, 6.5, 
6, 5.5; with citric acid at pH 6.5 and 6; and with 
malic acid at pH 6.5, 6 and 5.5. Comparing the 
conditions having their pH adjusted with the 
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Conditions
pH after 24 hour 
of growth (pH
24h
)
∆pH
 (pH
24h
- pH
i
)*
Yeast concentration 
after 24 hour of 
incubation 
(Log cell/ml)**
Medium
Initial pH 
(pH
i
)
Nutrient broth + Glucose 7 3.81 ± 0.11 -3.19a 8.05 ± 0.23a
Nutrient broth
7 6.43 ± 0.04 -0.57a 7.89 ± 0.09a
6.5 6.22 ± 0.03 -0.28a 7.83 ± 0.05a
6 6.02 ± 0.08 0.02 7.85 ± 0.05a
5.5 5.81 ± 0.04 0.31a 7.86 ± 0.15a
5 5.11 ± 0.09 0.11 7.45 ± 0.05b
4.5 4.77 ± 0.12 0.27a 7.08 ± 0.22c
4 4.08 ± 0.06 0.08 6.17 ± 0.05e
Nutrient broth  + Citric acid
6.5 6.18 ± 0.01 -0.32a 7.90 ± 0.17a
6 5.93 ± 0.01 -0.07a 7.78 ± 0.04a
5.5 5.68 ± 0.06 0.18a 7.44 ± 0.10b
5 5.09 ± 0.01 0.09a 7.29 ± 0.03c
4.5 4.83 ± 0.04 0.33a 6.59 ± 0.13d
4 4.10 ± 0.03 0.10a 6.07 ± 0.03e
Nutrient broth + Malic acid
6.5 6.15 ± 0.12 -0.35a 7.91 ± 0.10a
6 6.06 ± 0.05 0.06 7.82 ± 0.06a
5.5 5.91 ± 0.04 0.41a 7.82 ± 0.08a
5 5.50 ± 0.05 0.50a 7.49 ± 0.13b
4.5 4.83 ± 0.01 0.33a 7.19 ± 0.06c
4 4.07 ± 0.06 0.07 6.14 ± 0.02e
Tab.1. Variation of pH and yeast concentration after 24 hours of incubation
*Values followed by the letter “a” shows a significant variation between the pH before and after 24 hours of incubation (p<0.05); 
** Yeast concentration values not followed by the same letters are significantly different (p<0.05)
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same acid, we can notice that until pH 4 where the 
growth is totally inhibited, a significant growth 
limiting effect starts to be noticed at pH 5 for 
conditions adjusted with hydrochloric and malic 
acids and at pH 5.5 for those adjusted with citric 
acid.  Citric acid therefore has a high inhibitory 
effect compared to the other acids.  This inhibitory 
effect of citric acid on Z. bailii growth under low 
pH conditions has also been observed by Nielsen 
and Arneborg, 2007. 
Comparing the pH before and after incubation, 
the most important variation was observed in 
nutrient broth supplemented with glucose moving 
from 7 to 3.81. This high decrease of pH can be 
explained by the fermentation of glucose by Z.bailii. 
In fact this yeast is known to vigorously ferment 
hexose sugars. Glucose is converted to ethanol 
and CO
2
. Besides, many secondary products are 
formed in small amounts, such as organic acids, 
esters, aldehydes, etc. Z. bailii is known for its 
strong production of secondary metabolites, e.g. 
acetic acid, ethyl acetate and acetaldehyde (Fleet, 
1992). A less important but significant decrease 
of pH was also observed in nutrient broth pH7 
and all the conditions at pH 6.5. No significant 
variation was observed for conditions at pH 6 
and 4 whereas those at pH 5.5 and 4.5 displayed 
a not important but significant increase. These 
observations suggest that during its growth in 
nutrient broth Z.bailii could produce metabolites 
having pH around 6 and therefore: (i) reducing 
the pH in conditions with initial pH 7 and 6.5, (ii) 
stabilizing the pH in conditions with initial pH 6, 
(iii) raising the pH in conditions with initial pH 5.5 
and 5. The growth inhibition of Z.bailii in all the 
conditions at pH 4 therefore explains why no pH 
variation was noticed at that pH.
Growth parameters of pre-cultured yeast cells 
in BHI media
It is in pre-cultures with initial pH 5 that 
we began to have after incubation a yeast 
concentration significantly lower than in the 
control (Nutrient broth pH7) no matter the acid 
used to adjust the medium. That’s why cells coming 
from the 3 pre-cultures conditions with 5 as initial 
pH along with those coming from the two controls 
were selected to follow their growth in the six BHI 
acidified media. 
The figure 1 below presents an example of 
growth curve fitted and from which the growth 
parameters latency (Lag) and growth rate (μmax) 
were estimated.
All the growth curves (thirty in total) were 
fitted and the kinetic parameters estimated. 
Growth in BHI at pH 5.5
The table 2 below presents the lag, μmax and 
maximum concentrations obtained from pre-
cultures growth in BHI at pH 5.5 modified either 
by hydrochloric, citric or malic acid. 
The maximum growth concentrations 
observed ranged from 8.06 to 8.50 Log cell/mL. 
The concentrations of yeast pre-cultured at pH7 
without glucose are lower than the other already 
acid adapted. Z. bailii has been reported to have 
the ability to adapt to sub-inhibitory levels of a 
preservative, which enables the yeast to survive 
and grow in much higher concentrations of the 
preservative than before adaptation (Pitt and 
Hocking, 1997; James and Stratford, 2003). No 
matter the acid to which the cells were adapted, 
Fig.1. Experimental (squares) and fitted growth curve (line) in BHI adjusted at pH 
5.5 with malic acid of Z. bailii cells pre-cultured in nutrient broth pH 5
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they grew in condition adjusted with other acid 
with a final concentration higher than the ones of 
control not supplemented with glucose. A similar 
effect was already observed by Warth, 1989 who 
reported that Z. bailii resistance to acetic, benzoic 
and propionic acid is strongly correlated, as the cells 
which were adapted to benzoic acid also showed 
enhanced tolerances to other preservatives. 
Stratford et al.,2013 also reported that resistant 
sub-populations grown in any weak-acid 
preservative also showed ~100% cross-resistance 
to other weak-acid preservatives. Except the 
preculture with glucose supplementation, all the 
other pre-cultures showed a higher concentration 
in BHI adjusted at pH 5 with malic acid compared 
to citric and hydrochloric acid, the difference 
being not always significant. This can be explained 
by the fact that Z.bailii can metabolise this acid. 
As reported by Saayman and Viljoen-Bloom, 
2006 Z. bailii can degrade high concentrations of 
extracellular L-malate through the tricarboxylic 
acid (TCA) cycle, but only if glucose or another 
assimilable carbon source is present.
We can observe that the latency varied from 
2.56 to 3.68 hours obtained in BHI adjusted at 
pH 5.5 with malic and citric acids respectively. No 
significant difference was noticed by comparing 
the latency of cells pre-cultured at pH 5 and in 
controls conditions. It can be also noticed that 
for cells pre-cultured in nutrient broth at pH 7 
the latency is significantly higher when cultured 
in BHI adjusted at pH 5 with malic acid than with 
citric and hydrochloric acid.
The growth rate observed ranged from an 
increase of 0.21 to 0.47 OD per hour. The lowest and 
highest growth rates were respectively observed 
with cells pre-cultured at pH 7 supplemented and 
not with glucose. Except from cells pre-cultured 
with glucose supplementation, all the other cells 
showed a higher growth rate in BHI adjusted at 
pH 5.5 with malic acid compared to citric and 
hydrochloric acid.
The results of the hypothesis decomposition 
analysis are presented in the table 3 below. It shows 
that the growth rate of Z. bailii cells is significantely 
affected by the pH of their pre-culture medium 
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Conditions** μmax (mOD/hour) Lag (hour)
MODEL Concentration after 
24 hours
  (Log cell/mL)SSE R
2
7H-5.5H 0.39 ± 0.13a,b,c 2.75 ± 0.26b 0.031 0.9969 8.10 ± 0.07d
7H-5.5C 0.39 ± 0.02b 2.82 ± 0.07b 0.010 0.9997 8.06 ± 0.03d
7H-5.5M 0.47 ± 0.02a 3.15 ± 0.07a 0.008 0.9999 8.10 ± 0.04d
7GH-5.5H 0.21 ± 0.05c 2.89 ± 0.85a,b 0.044 0.9929 8.31 ± 0.02c
7GH-5.5C 0.31 ± 0.06c 2.74 ± 0.55a,b 0.058 0.9885 8.33 ± 0.05b,c
7GH-5.5M 0.29 ± 0.04c 2.56 ± 0.40b 0.041 0.9952 8.36 ± 0.02b,c
5H-5.5H 0.26 ± 0.11c 3.32 ± 1.16a,b 0.044 0.9930 8.31 ± 0.02c
5H-5.5C 0.28 ± 0.13b,c 3.68 ± 1.15a,b 0.024 0.9980 8.29 ± 0.01c
5H-5.5M 0.33 ± 0.05b 3.31 ± 0.42a,b 0.021 0.9989 8.44 ± 0.04a
5C-5.5H 0.35 ± 0.06b 3.20 ± 0.46a,b 0.031 0.9969 8.38 ± 0.00b
5C-5.5C 0.34 ± 0.13a,b,c 3.26 ± 1.04a,b 0.060 0.9869 8.36 ± 0.02b
5C-5.5M 0.44 ± 0.10a,b 3.17 ± 0.54a,b 0.050 0.9931 8.50 ± 0.11a,b
5M-5.5H 0.30 ± 0.05c 3.06 ± 0.47a,b 0.033 0.9957 8.38 ± 0.00b
5M-5.5C 0.32 ± 0.06b,c 3.19 ± 0.56a,b 0.034 0.9956 8.34 ± 0.04b
5M-5.5M 0.45 ± 0.07a,b 2.94 ± 0.25a,b 0.035 0.9968 8.48 ± 0.06a
Tab.2. Growth kinetic parameters of the different yeast pre-cultures in BHI media at pH 5.5*
* Within the same column, values not followed by the same letters are significantly different (p<0.05); SSE, sum of squared errors; R2, 
Coefficient of determination 
**  NX-5.5Y where N and X are the initial pH of nutrient broth from which the yeast cells were pre-cultured and the acid used to adjust 
that pH respectively ; Y the acid used to adjust the pH of BHI at 5.5;  H,C,M are Hydrochloric, Citric and  Malic acids; G, Glucose.
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and the acid present in their culture medium. Pre-
culture with glucose supplementation seems to 
significantly affect the latency of Z. bailii but this 
can not be affirmed since the model for latency 
was not significant (p=0.32 > 0.05).
Growth in BHI at pH 3.5
In BHI media adjusted at pH 3.5, after 24 
hours of incubation, all the lag times were infinite 
(not determined). The growth rates were equal or 
almost equal to zero and the yeast concentrations 
still being at 6 Log cell/mL. We can therefore 
conclude that the cells were still in latency despite 
the high inoculum concentration. Z.bailii is known 
for its ability to grow at low pH. The composition 
of BHI may then not be suitable for this yeast to 
initiate growth at pH 3.5 after the 24 hours of 
incubation no matter it is acid adapted or not. 
Other factors like sugar or salt concentration may 
intervene. The presence of either salt or sugar has 
a positive effect on the ability of Z. bailii to initiate 
growth at extreme pH levels, e.g. the yeast showed 
no growth at pH 2.0 in the absence of NaCl and 
sucrose, but grew at this pH in 2.5% (w/v) NaCl or 
50% (w/v) sucrose (Praphailong and Fleet, 1997). 
For Z. rouxii which is able to grow within the 
same pH range with Z. bailii, Membré et al., 1999 
showed that the growth rate decreased linearly 
with sugar concentrations while the effect of pH 
was nonlinear (pH ranged from 2.5 to 5.5).
CONCLUSION
From this research, we can conclude that a 
previous acid adaptation of Z. bailii enhance its 
growth in a moderate acidic media. However 
in extreme low pH, it is not sufficient to initiate 
growth. Further research need to be done in 
order to know if other parameters like sugar or 
salt concentration also play a key role in growth 
initiation in the limiting growth conditions.
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